Explicit separability of general two qubits density matrices is related to Lorentz transformations. We use 
Introduction
In the case of two qubits states there is a simple condition for separability and entanglement.
According to the Peres-Horodecki (P-H) criterion 1, 2 if the partial transpose (PT) of two qubits state leads to negative eigenvalues of the PT matrix ( ) AB PT ρ , then the density matrix is entangled, otherwise it is separable. The general two qubits density matrix in the HilbertSchmidt (HS) decomposition is: t . We denote the last term by T.
In our previous work 10 we studied the explicit constructions of separable two qubits density matrices based on the study of Lorentz transformations developed by Verstraete et al. 4 6 − Following this approach an arbitrary two qubits state can be written in the form ( ) ( ) given by Caban et al. 11, 12 Verstraete et al., 4 6 − have shown that the 4 4 × matrix , R µ ν can be written as , , , diag s s s s Σ = (the generic case 5 ) or of four special other specific forms 5 (the nongeneric cases for which R cannot be diagonalized by Lorentz transformations). In the present work we give explicit Lorentz transformations diagonalizing R for some generic cases. Also we show explicitly in the non-generic cases how the Lorentz transformation cannot diagonalize R .
It has been shown in various works 
From equations (1.3) and (1.7) we get:
( ) So, we demonstrated here that this ρ is not separable although Then, for this special case we get:
Then we get that a necessary and sufficient condition for separability in this case is given by:
Eq. (1.14) was noted earlier for MDS density matrices (A=B=0) 13, 10 but is valid also for the special cases for which:
By using the 4-dimensional form (1.4) for the two-qubits density matrix (1.3) R is given as 
In the present analysis we study the use of Lorentz transformations for simplifying the density matrix of Eq. (1.3) by eliminating the linear terms (which include the parameters i a and i b ) and transforming R into diagonal form for the generic case described by Verstraete et al. 5 For the generic case, diagonal Σ 5 , an explicitly separable expression for separable two qubits states was given in our previous work 10 (Eq. (27)), as a function of the parameters s µ .
The necessary and sufficient condition for separability is given by 
(1.17)
Then, the condition for separability in the generic case becomes:
The effects of the linear terms in the present generic case, is to replace the condition (1.6) for the two qubits MDS density matrix by condition (1.18). While Eq. (1.18) seems to be quite simple the explicit calculations of the parameters ' ( 1,2,3) i t i = in the generic case by Lorentz transformations turns to be very complicated and we give explicit calculations for some important cases. We give also some comments on the non-generic cases in Section 2. 
Lorentz transformations for the density matrix of a two qubits state including only two
Then, the density matrix corresponding to the matrix R of Eq. (2.1) can be written as
We study the effects of one pair of linear terms on the density matrix and its separability. The 4 eigenvalues of the density matrix (2.2) are: 
In the generic case we can eliminate the non-diagonal matrix elements of L R by the requirements: Two non-generic cases (out of the four described by Verstraete et al. 6 ) are given in our notation, in normalized form, as ) a
These two cases correspond to Caban et al., 11 Eq. (8). We get from Eq. (2.6), for case ) a We study further the results for two extreme cases:
The symmetric case: 1 β = which physically is unreachable and in this case it follows from the non-negativity of the eigenvalues that 2 3 t t = . This case is non-generic, 6 and corresponds to Caban et al., 11 (Eq. (12)). For comparison with Verstraete et al. , 6 we find that they have two symmetric non generic cases written in our notations : ) c
For the latter case the non-negativity of the eigenvalues of ρ imposes the additional condition:
This last case is always non-separable as easily proved by the PT transformation. The other nongeneric cases are separable.
For the case where 1 1 a b a = = ( 1 a < ) under conditions (2.6), L R of (2. 
The necessary and sufficient condition for separability is given by ( ) ( ) 
We find here that A β will be real only under the condition: 
The necessary and sufficient condition for separability is then given by ( ) (1.14) as a criterion for separability is quite simple one should take into account that it is restricted to the special cases in which A or B are equal to zero.
Lorentz transformations for symmetric two qubits
We simplify the analysis in this section by studying the symmetric case i.e. The density matrix corresponding to R of Eq. (3.1) is given by 
a t a a i a a i t t a a i t t t a a i a a i t t t a a i t t a a i a a i a t
It is interesting to note that one of the eigenvalues is given by 
a t a a i a a i t t a a i t t t a a i PT a a i t t t a a i t t a a i a a i a t
For cases for which ρ represents a density matrix (i.e. all its eigenvalues are non-negative), ρ will be separable if and only if all the eigenvalues of ( ) PT ρ are non-negative. This "existence" theorem does not tell us, however, the explicit separable form of the density matrix. 10 For this purpose we would like to eliminate the parameters ( 1, 2,3) In the present analysis † L L = since all parameters 1 Substituting the relations (3.13) into Eq. (3.14) leads to the equation
A physical solution of the above equations (i.e. The analysis is simplified under the condition that one of the parameters 1 2 3 , , a a a vanishes, e.g. 3 0 a = . Then by introducing the definitions
Eq. (3.15) is reduced to the cubic equation:
Eq. (3.15), including non-vanishing 3 symmetric parameters 1 2 3 , , a a a , and using the definitions (3.16) and the additional definition 3 1 ' t t t − = , can be transformed to a quartic equation given as:
The solution of the cubic equation (3.17) and the quartic equation (3.18) can be made by conventional methods. 19 The analytical results become quite complicated as they include complicated functions of the parameters 1 2 3 , , , , T t a a a and ' t but for any numerical values of these parameters the cubic and quartic equations can be easily solved. One should take care that such real solution satisfies the relation 
As the eigenvalues of ( ) PT ρ are non-negative we conclude that this density matrix is separable but in order to construct an explicitly separable form for the density matrix 10 
One should notice that the linear terms were eliminated by the Lorentz transformation. As the matrix Q is symmetric we calculate the eigenvalues of (3.21) and get 
The matrix R in this example is given by
The eigenvalues of ρ are 1 
As the matrix Q is symmetric we calculate the eigenvalues of (3.25) and get (3.26)
The condition (1.16) for separability is satisfied, and we have the explicit separable form. 
Discussion, summary and conclusions
In the present work we studied certain properties of two qubits density matrices which include linear terms and can be given in the form of Eq. , and an explicitly separable form was given. 10 For a two qubits density matrix which includes linear terms this condition is necessary but not sufficient.
Verstraete et al., 4 we showed that one of the ' s β equals 1 so that diagonalization is not reachable physically.
In section 3 we applied Lorentz transformations for symmetric two qubits including three (or two) pairs of linear terms, obtaining a quartic (or cubic) equation. The matrix R is given by Eq. (3.1). The density matrix ρ and its PT transformation were given, respectively, by Eq. (3.2) and (3.3) and the Lorentz matrix L is given by Eq. (3.5). The Lorentz transformation eliminates the linear terms 1 2 3 , , a a a , by using, respectively, Eq.(3.7), (3.8) and (3.9 The crucial point in our derivations is that we find explicit expressions for these parameters.
